The objective of this study was to efficiency determined of mycorrhizal fungi with different phosphate fertilizer application on phosphate solubilizing and soil properties of grapes orchard. The treatments were arranged in 2x5 factorials in Randomized Complete Block Design (RCBD) with 5 replications. Factor 1: two levels of mycorrhizal fungi were non-inoculation and inoculation. Factor 2: five levels of phosphate fertilizer application were 0, 27.17, 54.34, 81.52 and 108.69 g plant -1 by soil analysis recommendation. The collected data was spore number, root colonization density, phosphatases activity of mycorrhizal fungi, available phosphorus (P) in soil, soil pH and phosphorus in leaf. The results showed that the inoculation of mycorrhizal fungi increased spore number, root colonization density, phosphatases activity of mycorrhizal fungi, available P in soil and P in leaf compared with the non-inoculated. While, phosphate fertilizer at a rate 54.34 g plant -1 increased spore number, root colonization density, phosphatases activity of mycorrhizal fungi, available P in soil and P in leaf. Mycorrhizal fungi combination with 54.34 g plant -1 of phosphate fertilizer increased spore number, root colonization density, phosphatases activity and available P in soil.
Introduction
Grape has been planted commercially in several areas at Nakhonratchasrima Province. Currently, varieties that encourage farmers planting was Beauty Seedless, a seedless of grapes varieties with circular shaped, black berries and the fruit size about 1 cm. Chemical fertilizer was used to provide nutrient at a high rate for a long time. This has resulted in pollution, decreased biodiversity in intensively-farmed regions, and environmental degradation linked to use of chemical inputs is increasingly widespread and sometimes irreversible. Beneficial microorganisms, including N 2 -fixing bacteria and arbuscular mycorrhizal (AM) fungi, provide minerals to plants and directly implicated in crop production (Plenchette et al., 2005) . The plant receives many benefits from this relation, including enhanced uptake of poorly mobile soil nutrients and reduced susceptibility of roots to soil-borne pathogens (Quilambo, 2003) and also in area for growing grapes have strongly acidic soils. Which low pH with aluminum (Al) toxicity, high phosphorus (P) fixation, low levels of soil organic matter, and a loss of soil biodiversity (Irene & Thomas 2006) . The ability of AM fungi to enhance host plant uptake of relatively immobile nutrients, in particular P, and several micronutrients, has been the most recognized beneficial effect of mycorrhiza, by increasing the area of the more absorbing. Hyphae that live on plants to expand its territory to find food even more, including roots, root has a surface area than normal. Mycorrhizal fungi can promote the growth of other microorganisms for phosphate solubilizers around plant roots. The soluble phosphate is released then fungi and roots also were benefits (Plenchette et al., 2005) . Though plants require adequate phosphorus (P) in the early stages of growth for optimum crop production (Grant et al., 2001) , excess P supply in the soil is a major environmental concern (Plenchette et al., 2005) . Moreover the reserves of P in the world are finite and are gradually being depleted (Tiessen, 1995) . Thus there is need to develop agricultural systems based on meeting minimum P requirements for crops. The effectiveness of AM on phosphate solubilization, plant growth and P uptake are evaluated.
Materials and Methods
The experiment was conducted in Wangnamkhiao District, Nakhonratchasima Province, Thailand. Soil samples from the experimental site were analyzed at Soil Science Department, Faculty of Agriculture, Kasetsart University, Kamphangsaen Campus, Thailand. The soil was composed of sandy loam texture, a low amount of organic matter content (1.19%), a low amount of exchangeable phosphorus (27.13 mg kg -1 ), a low amount of available phosphorus (8.81 mg kg -1 ) with pH 6.8 and electrical conductivity (0.36 ds m -1 ) was not salty. The previous crop on the experimental site was grapes.
For each experiment, 2×5 factorial in RCBD with 5 replications was developed. Factor 1, Mycorrhizal fungi were non-inoculation and inoculation 300 g plant -1 . Factor 2, Phosphate fertilizer were 0, 28.17, 54.34, 81.52 and 108.69 g plant -1 . Each factor size was 3 m wide and 3 m long which each size was composed of two rows of grapes planted during the wet season in July to October 2013.
Preparation of Mycorrhizal fungi inoculums
The inoculum of Mycorrhizal fungi, Glomus aggregatum was produced in sterilized Nam Phong soil using maize as host plant. The inoculum production in this experiment was prepared as described by Mala (1998) . The host plant, sorghum, had been grown for 13 weeks. After harvest the inoculum, the amount of spore in each species was checked. The inoculum with the number of spore above 50 spore g -1 was selected for further experiment
Mycorrhizal fungi inoculation and planting
Conduct experiments according to prescribed treatments. Inoculation treatments by around sprinkling the grapes tree at pruning period. Use the shovel to dig soil around landfills each species and the drip irrigation. For the basal fertilizer application, 62.2 kg ha -1 N of urea (46% N) and 74.67 kg ha -1 K 2 O as potassium chloride (60% K 2 O) and as triple superphosphate (46% P 2 O 5 ) and were applied in all factor.
Data collection
The soil was sampled at flowering stage, fruit setting stage and after harvest for soil properties analysis. By soil properties were available phosphorus and soil reaction (pH) at a depth of 0-30 cm including leaf P concentration. The harvesting root infection percentage, spore and enzyme phosphates in soil were collected at flowering stage and fruit setting stage. Soil samples were analyzed, spore were evaluated by the wet sieving method ) Brundrett et al. 1994 ( and the mycorrhizal root infection percentages were evaluated by Gridline Intersect Method (Giovanetti & Mosse, 1980) and enzyme phosphatase were evaluated by colorimetric assay method ) Tabatabai and Bremner, 1969 (. Available P was measured colorimetrically with a spectrophotometer using Bray II method (Bray & Kurtz, 1945) . P of plant was determined by Vanado-molybdate method described by Tassanee et al. (1989) . The soil reaction (pH) was measured with pH meter by 1:1 soil solution in H 2 O and 1M KCl (Peech, 1965) .
Statistical analysis
The variance of every parameter was analyzed. Then, the relevant average means were compared by LSD at 95 % and 99 % confidence. Analysis of variance was used to determine effects of AM fungal inoculation on soil properties using the R program version R-2.10.1-win32.
Results

The Effect of Mycorrhizal Fungi and Phosphate Fertilizer on Soil Microbial Properties in Grape Orchard at Growth Stages
Spore Number
Analysis of the inoculation indicated that spore number was significantly different at flowering stage and fruit setting ( Table 1 ). The maximum intensity of spore number was observed in treatments of inoculation at flowering stage showed that non-inoculation and inoculation treatments affected a spore number in soil with a spore number accumulation of 32.80 spore numbers per 10 g soil. Inoculation treatment had greater spore number more than non-inoculation which produced the lowest spore number (1.0 spore number per 10 g soil). Which, Phosphate fertilizer application at a rate 27.17 g plant -1 was gave the highest of spore number than others phosphate fertilizer applications. While, the maximum intensity of spore number was observed in treatments of inoculation at fruit setting stage showed that inoculation treatments affected a spore number in soil with a spore number accumulation of 33.20 spore numbers per 10 g soil. Inoculation treatment had greater spore number than non-inoculation which produced the lowest spore number (1.60 spore number per 10 g soil). Phosphate fertilizer www.ccsenet.org/mas Modern Applied Science Vol. 9, No. 1; 2015 application gave more spore number 27.17 g plant -1 applications than the others and the maximum intensity of spore number was 23.50 spore numbers per 10 g soil. 11.81 12.23 Note. Number is average of 4 replications, followed by a letter. Different letter means a significant different at 99% confidence interval by LSD.
Root Colonization
There was a significant variation in root colonization by the different phosphate fertilizer tested. Phosphate fertilizer application and inoculation were found to be significantly superior to others at flowering stage and fruit setting stage after inoculation ( Table 2 ). The maximum intensity of root colonization was observed in treatments of inoculation, which non-inoculation and inoculation treatments affected root colonization, with root colonization accumulation of 38.71 %. Inoculation treatment had greater root colonization than non-inoculation which produced the lowest spore number (2.07 %). However, further inspection showed that phosphate fertilizer application (54.34 g plant -1 ) find root colonization more than others at flowering stage. This, the maximum intensity of root colonization was 16.13 %. Inoculation treatments were affected root colonization with root colonization accumulation of 26.92%. Inoculation treatment had greater root colonization more than the treatment of non-inoculation which produced the lowest root colonization (1.03 %). However, further inspection showed that phosphate fertilizer application (54.34 g plant -1 ) find root colonization more than others at fruit setting stage. This, the maximum intensity of root colonization was 16.13 %. Table 3 . The quantity of phosphatase activity in soil each phosphate fertilizer application was significantly different at the 99% confidence level, which in the mycorrhizal fungi treatments was significantly different at the 99% confidence level. The maximum intensity of phosphatase activity in soil was observed in treatments of inoculation, non-inoculation and inoculation treatments affected phosphatase activity in soil, with phosphatase activity in soil accumulation of 1.27 unit of µmol PNP/ g soil/hours. Inoculation treatment had greater phosphatase activity in soil than treatment of non-inoculation which produced the lowest phosphatase activity in soil (0.83 unit of µmol PNP/ g soil/hours). However, further inspection showed that phosphate fertilizer application (54.34 g plant -1 ) find phosphatase activity in soil more than others which was 1.18 unit of µmol PNP/ g soil/hours at flowering stage. The maximum intensity of phosphatase activity in soil was observed in treatments of inoculation, non-inoculation and inoculation treatments affected phosphatase activity in soil, with phosphatase activity in soil accumulation of 1.80 unit of µmol PNP/ g soil/hours. Inoculation treatment had greater phosphatase activity in soil more than the treatment of non-inoculation which produced the lowest phosphatase activity in soil (1.21 unit of µmol PNP/ g soil/hours). However, further inspection showed that phosphate fertilizer application (27.17, 54.34 and 81.52 g plant -1 ) find phosphatase activity in soil more than other another was 1.59, 1.56 and 1.58 unit of µmol PNP/ g soil/hours respectively. 
The Effect of Mycorrhizal Fungi and Phosphate Fertilizer on Chemical Properties in Grape Orchard at Different Growth Stages
Available P in Soil
Our experimental results demonstrated that available P in the soil at flowering stage, fruit setting stage and after harvested were shown in Table 4 . The quantity of soil available P in each treatment was significantly different at the 99% confidence level. The non-inoculation and inoculation treatments affected the available P in soil. By the time, inoculation treatment was released and gave the highest of available P in soil than non-inoculation treatment at all growth stages. While, the different of phosphate fertilizers application rates gave the significantly different available P in soil all the growth stages. The available P in soil was highest when phosphate fertilizer application at a rate 54.34 g plant -1 . However, the available P in soil was highest in flowering stage and then tent to decrease until harvested stage.
Soil Reaction (PH)
Analytical data at flowering stage, fruit setting stage and after harvest showed that pH of soil in each treatment was significantly different at the 99% confidence level (Table 5 ). The non-inoculation and inoculation treatments affected the soil pH by the time, inoculation treatment was gave the soil pH lower than non-inoculation treatment all the growth stages. While, the different of phosphate fertilizers application rates gave the significantly different soil pH all the growth stages. The soil pH value tent to decrease when the phosphate fertilizer www.ccsenet.org/mas Modern Applied Science Vol. 9, No. 1; 2015 153 application was increased the application rate.
Leaf P Concentration
The leaf P concentrations at flowering stage, fruit setting stage and after harvested were shown in Table 6 . The leaf P concentration was significantly different at the 99% confidence level. The non-inoculation and inoculation treatments affected the leaf P concentration that inoculation treatment had greater leaf P concentration than non-inoculation all the growth stages. The leaf P concentration of flowering stage was higher than harvesting stage. While, the different of phosphate fertilizers application rates gave the significantly different leaf P concentration all the growth stages. The data revealed that the leaf P concentration at flowering stage was maximized in phosphate fertilizer application at a rate 27.17 g plant -1 .
Discussion
The results showed that, at flowering stage and fruit setting stage of phosphate fertilizer application at a rate 27.17 g plant -1 increased spore number more than other treatments due to the spore number also varied with different treatments. It was found that in high concentration of fertilizer, the AM spore number as well as root colonization decreased, which was in accordance with the findings of Aguilera-Gomez et al. (1999) and Linderman & Davis (2004) . Although, number spores the most found when phosphate fertilizer application (27.17 g plant -1 ), but root colonization in phosphate fertilizer application (54.34 g plant -1 ) was found root colonization more than other treatments due to higher sporulation and root colonization helps increase fungal host contact and the exchange of nutrients Several earlier reports also noted the positive influence of AMF along with rhizobacteria on AM root colonization (Gamalero et al., 2004; Das et al., 2007) . In addition to changes in the mycorrhization of soil, there were also changes in the functioning of the systems, as evaluated by measuring the soil enzyme activity. The measurement of the phosphatase activity provided a good index of mycorrhizal effect on nutrient uptake, especially phosphorus. In experiments was found that, Phosphate fertilizer application (54.34 g plant -1
) was high root colonization as a result mycorrhizal fungi produce enzyme phosphatase when over time. The increased phosphatase activity found in the mycorrhizal roots indicated an increase in the P content. The ability of mycorrhizae to produce phosphatase enzymes actually depends upon the availability of phosphorus in the soil. In the P cycle, enzyme activities are inversely related to P availability (Tadano et al., 1993) . According to Sumana (1998) and Kumar et al. (2008) , the acid phosphatase activity actually increases with increased root colonization by AM fungi. Those treatments which decrease the available phosphate cause an overall increase in the phosphatase activity (Azcón & Barea, 1997) . Then, low phosphorus availability, P demand increases that resulting increase the phosphatase activity. It was found at the AM-colonized roots in this experiment.
Which, Alacón et al. (2002) reported that plants need phosphorus during growth and productivity when colonization of root by fungus used phosphorus as a carbon source for the needs of the plant. Thus, AM stimulated to create a RAPA (root acid phosphatase activity) increased the presence of phosphorus limited for growth. While, the different phosphate fertilizer application rates gave the different available P in soil at the each growth stage that the plant beneficial to nutrient uptake needs nutrients unequal during certain times of the growth. (Barker and Pilbeam, 2007) and may be affected of the soil pH (Irene & Thomas, 2006) .
In addition to changes in the mycorrhization of soil, there were also changes in the functioning of the systems, as evaluated by measuring the soil enzyme activity. The measurement of the phosphatase activity provided a good index of mycorrhizal effect on nutrient uptake, especially phosphorus. The experiments found that phosphate fertilizer application at a rate 54.34 g plant -1 gave high root colonization as same as a result mycorrhizal fungi produce enzyme phosphatase. The increased phosphatase activity found in the mycorrhizal roots indicated an increase in the P content. The ability of mycorrhizae to produce phosphatase enzymes actually depends upon the availability of P in the soil. In the P cycle, enzyme activities are inversely related to P availability (Tadano et al., 1993) . According to Sumana (1998) and Kumar et al. (2008) , the acid phosphatase activity actually increases with increased root colonization by AM fungi. Those treatments which decrease the available phosphate cause an overall increase in the phosphatase activity (Azcón & Barea, 1997 Note. Number is average of 4 replications, followed by a letter. Different letter means there is a significant different at 99% confidence interval by LSD. Note. Number is average of 4 replications, followed by a letter. Different letter means there is a significant different at 99% confidence interval by LSD. Note. Number is average of 4 replications, followed by a letter. Different letter means there is a significant different at 99% confidence interval by LSD.
www.ccsenet.org/mas Modern Applied Science Vol. 9, No. 1; 2015 However, the increase P content in leaf of grapes may have been ability of the mycorrhizal fungi to extrametrical hyphae in the roots and ultimately help for absorption of water, available phosphorus and other nutrients for plant growth (Gosling et al., 2005) .
Conclusion
The inoculation of mycorrhizal fungi increased spore number, root colonization density, phosphatases activity of mycorrhizal fungi, available P in soil and P in leaf compared with the non-inoculated. While, phosphate fertilizer at a rate 54.34 g plant -1 increased spore number, root colonization density, phosphatases activity of mycorrhizal fungi, available P in soil and P in leaf. Mycorrhizal fungi combination with 54.34 g plant -1 of phosphate fertilizer increased spore number, root colonization density, phosphatases activity and available P in soil.
